S ix years after its launch, the ESA-NASA Solar and Heliospheric Observatory (SOHO) spacecraft continues to provide new insights into the secrets of our nearest star. Recent results from the Michelson Doppler Imager (MDI) instrument on SOHO, published in the 10 August issue of Astrophysical Journal, have given scientists the first clear picture of the swirling flows of electrified gas or plasma beneath sunspots.
These enigmatic, dark, relatively cool areas on the Sun's visible surface have been studied for centuries. Observations show that surface material clearly flows out of the spots. Astronomers also know sunspots are regions where magnetic fields become concentrated and that the intense magnetic field below a sunspot strangles the normal upflow of energy from the hot solar interior, leaving the spot cooler and therefore darker than its surroundings. The suppression of the bubbling convective motions forms a kind of plug that prevents some of the energy in the interior from reaching the surface.
MDI explores beneath the surface of the Sun by analysing sound-generated ripples at its surface using a technique called acoustic tomography. Now this instrument has enabled astronomers to peer inside the Sun to observe for the first time the self-reinforcing cycle that holds a sunspot together. "We discovered that the outflowing material was just a surface feature," said Junwei Zhao (Stanford University). "If you can look a bit deeper, you find material rushing inward, like a planet-sized whirlpool or hurricane. This inflow pulls the magnetic fields together."
According to the new observations, the material above the "plug" cools and becomes denser, causing it to plunge downwards at up to 4800 km hr -1 . The surrounding plasma and magnetic field is then drawn inwards towards the sunspot's centre. The concentrated magnetic field promotes further cooling; as that cooling plasma sinks, it draws in still more plasma, thereby setting up a self-perpetuating cycle. As long as the magnetic field remains strong, the cooling effect will maintain an inflow that makes the structure stable. The superficial outflows seen right at the surface are confined to a very narrow layer.
Because the magnetic plug prevents heat from reaching the solar surface, the regions beneath it should become hotter. Evidence for this has come from a June 1998 observation which showed that the observed sound speed was higher below 4800 km, suggesting that the roots of the sunspots were hotter than their surroundings, the opposite of conditions at the surface. "We were surprised at how shallow sunspots are," said Alexander Kosovichev (Stanford).
Thomas Duvall (Goddard Space Flight Center) said: "The cool downward flows dissipate at the same depth where the hot upward flows diverge. With these data one cannot get a sharp enough picture to explain the details. Until now we've looked down at the top of sunspots like we might look down at the leaves in treetops. For the first time we're able to observe the branches and trunk of the tree that give it structure. The roots of the tree are still a mystery." (www.gsfc .nasa.gov/topstory/20010919sunspot.html)
Flows towards the Sun
Far from the bubbling inferno of the Sun's visible photosphere, SOHO has also revealed mysterious clouds of gas falling towards the Sun -the opposite direction to the fast-moving plasma that continuously streams into space in the solar wind. For many years astronomers have watched glowing fountains and arches rise and fall in the Sun's lower atmosphere. However, SOHO's images show that these features begin their descent much further out. They were first noticed in 1997, in images from the Large Angle and Spectrometric Coronagraph (LASCO) instrument on SOHO. Similar inflows then turned up in re-examined images going back to early in 1996.
About 8000 inflow events have been logged, most of them since 1998 when the Sun has been at its most active. The inflows can start at an altitude of up to 2.7 million kilometres above the visible surface, a distance equal to twice the Sun's diameter. Here the accelerating solar wind, leaving the Sun, has reached a speed of about 120 km s Starshine is notable for the very many students involved in the project. More than 30 000 students from 660 schools in 26 countries will track the highly reflective satellite as it orbits the Earth for the next eight months. The students, who helped to polish Starshine's 845 mirrors, will use the information they collect to calculate the density of the Earth's upper atmosphere.
Project Starshine was originally intended to launch one satellite per year over an 11-year solar cycle, but changes in launch schedules resulted in two being launched in one year. Starshine 1 was launched aboard Space Shuttle Discovery in May 1999 and provided eight months of data. Starshine 3 was launched from the Kodiak Launch Complex, Alaska, in September 2001 and is orbiting 470 km above the Earth. Work on two more satellites will begin early in 2002. G Goodbye Deep Space 1. After more than three years of operations, NASA's Deep Space 1 mission, which successfully tested 12 advanced technologies and captured the best images ever taken of a comet, has been shut down. Shortly after noon on 18 December, engineers sent a command to turn off DS1's ion engine, which had consumed at least 90% of its xenon fuel. The spacecraft will remain in orbit around the Sun, with its radio receiver turned on in case future generations want to contact the spacecraft.
Apart from the successful operation of the ion engine, which accumulated over 670 days of operating time, DS1 pioneered an autonomous navigation system that was a major step towards artificial intelligence for spacecraft. After a flyby of asteroid Braille, the spacecraft was redirected towards periodic comet Borrelly, despite the failure of its star tracker.
In September 2001, DS1 passed just 2171 km from the nucleus of Borelly, snapping the highest-resolution pictures ever taken of a comet (nmp.jpl.nasa.gov).
Sunspots and Mars frost
Peter Bond discusses the latest observations of the Sun and Mars and the possibilities for a Pluto mission, among other space news.
clouds travel in at 50-100 km s -1 . Typically they appear to come to rest at an altitude of about 700 000 km. According to a paper in Astrophysical Journal Letters, these inflows are mainly caused by frequent local adjustments to the Sun's magnetic field. Although a few inflows are a backwash from explosive, but sporadic, mass ejections, the overwhelming majority occur within regions of slow solar wind.
The research by Neil Sheeley and Yi-Ming Wang (Naval Research Laboratory) suggests that the inflows, which gather speed initially and then slow down, are firmly controlled by magnetism. It seems that the solar wind drags the longest magnetic loops far out into space, creating contrasting sectors in which magnetic field lines have opposite polarities. Before the solar wind has reached its full speed, opposing field lines can short-circuit at a boundary between sectors to form new magnetic loops. These collapse towards the Sun, carrying with them the inflowing gas clouds now observed. A downpour of 20 inflows per day, seen on one hemisphere of the Sun, can be followed after a lull of two weeks by a similar sequence on the opposite hemisphere. This suggests that the occurrences persist in a particular region as the Sun rotates. The regional association can continue for months. If Sheeley and Wang are right in thinking that the inflows indicate collapsing magnetic loops that pull material inwards against the outward drag of the solar wind, then this offers insights into how the Sun recycles the magnetic field in its atmosphere and regulates the strength of the interplanetary magnetic field. (www.gsfc.nasa.gov/topstory/ 20011120sohogas.html)
Snowy Mars
A global view of how Mars changes with the seasons has been provided by precise observations from two investigations on NASA's Mars Global Surveyor (MGS) spacecraft. Elevation and gravity measurements from MGS have been used to measure seasonal changes in the thickness of seasonal frost deposits and to provide the first direct measurement of their density.
Over the course of a Martian year (687 terrestrial days), David Smith (Goddard Space Flight Center) and Maria Zuber and Gregory Neumann (Massachusetts Institute of Technology) used the Mars Orbiter Laser Altimeter (MOLA) and the spacecraft's radio tracking system to measure changes in the height of the Martian surface every two weeks. They found that small changes in surface height correlate with the expected times of deposition and evaporation of CO 2 from the surface. They also measured minuscule changes in the gravity field of Mars due to the movement of carbon dioxide, which allowed them to make the first measurement of the density of the surface frost deposits. To isolate the signals, the group measured changes of 10 cm in the height of the surface of Mars, and changes of a couple parts per billion in the planet's global mass distribution. "Snow on Mars is composed of dry ice and last year it reached a maximum depth of 1.5 to 2 metres near both the north and south poles," explained Smith, principal investigator for MOLA and lead author of the paper in the 7 December issue of Science. "Snow on Mars is denser than it is on Earth, being more ice-like than powdery," noted Zuber. Up to one third of Mars' tenuous carbon dioxide atmosphere "freezes out" during the winter in the northern and southern hemispheres. The results should provide a better understanding of the Martian atmosphere, and may help towards understanding past climates on Mars. (ltpwww.gsfc .nasa.gov/tharsis/snow_paper.html) Mars Global Surveyor is currently in its extended mapping mission, which runs until April. It has now been joined by NASA's 2001 Mars Odyssey spacecraft. In late December flight controllers reported that the Odyssey's aerobraking phase was on schedule, with its orbital period down to three hours and 15 minutes, compared with the initial 18-and-ahalf hours when the spacecraft first entered orbit in October. The primary two-and-a-half year science mission should begin in February.
The high-energy neutron detector provided by Russia's Space Institute has operated throughout much of the aerobraking phase and completed its calibration in preparation for the TIMED carries four instruments. They include a spatial scanning, far-ultraviolet spectrograph that will measure the composition and temperature profiles of the Mesosphere and Lower Thermosphere/Ionosphere (MLTI) region and auroral energy inputs; a multichannel infrared radiometer to measure heat emitted by the atmosphere, and the temperature and composition of the MLTI over a broad altitude and spectral range; an interferometer that will globally measure the wind and temperature profiles of the MLTI; and a spectrometer and suite of photometers designed to measure solar ultraviolet radiation -the primary energy deposited into this region.
The Solar Extreme Ultraviolet Experiment (SEE) will measure accurately the solar ultraviolet output near Earth. SEE will observe the Sun for about three minutes in each orbit, while the Sun's entire disk is in view. At other times it will help assessments of atmospheric density by measuring solar radiation during sunsets.
TIMED is the first mission in NASA's Solar Terrestrial Probes Programme, part of the agency's initiative to provide cheaper and more frequent systematic studies of the Sun-Earth system. (www.timed.jhuapl .edu and lasp.colorado.edu/see) G Five satellites on a Zenit. On 10 December, a Ukrainian Zenit 2 rocket launched five satellites into a sun-synchronous orbit with a final altitude of around 1020 km. The primary payload was a Russian Meteor 3M Earth observation spacecraft that carried NASA's Stratospheric Aerosol and Gas Experiment-3 instrument, plus four small, piggyback spacecraft. These included Pakistan's long-delayed Badr-B demonstration spacecraft, the country's second experimental satellite; the Moroccan/German Maroc-Tubsat spacecraft for remote sensing studies and testing new technologies; a Russian science spacecraft called Kompass that is designed to help earthquake forecasting; and a small joint US/Russian space-debris detection technology satellite named Reflektor.
The intense magnetic field (arrows) below a sunspot strangles the normal up-flow of energy from the hot solar interior, leaving the spot cooler (dark blue) and therefore darker than its surroundings (NASA/ESA). 
A reprieve for Pluto
Despite NASA's reluctance to go ahead with a mission to the only unexplored planet, Southwest Research Institute (SwRI) has been given the green light to continue with preliminary spacecraft design studies. In late November, after a two-month evaluation, the agency selected the "New Horizons" proposal to proceed with Phase B studies for a mission to Pluto and the Kuiper Belt. The breakthrough came after Congress approved $30 m of fiscal year 2002 funds towards final design work on the spacecraft and science instruments and to contract the launch vehicle. However, to continue beyond 2002 the programme must meet two conditions set by NASA. First, the team must pass a NASA-led "confirmation review" of its work. This review will address significant risks such as schedule and technical milestones and regulatory approval for launch of the mission's nuclear power source. Secondly, Congress must approve additional funding.
Principal investigator for the mission, whose full title is "New Horizons: Shedding Light on Frontier Worlds", is S Alan Stern, director of the SwRI Department of Space Studies. The New Horizons team also includes the Johns Hopkins University Applied Physics Laboratory, Stanford University, Ball Aerospace Corporation, Goddard Space Flight Center and the Jet Propulsion Laboratory.
The spacecraft would be equipped with sensitive, miniaturized cameras, a radio science instrument, ultraviolet and infrared spectrometers, and space plasma experiments. The team believes this combination of science instruments is ideal to characterize the global geology and geomorphology of Pluto and its moon Charon, to map their surface compositions, and to study Pluto's atmosphere and its atmospheric escape rate. The feasibility study also showed that money could be saved using technologies that are essentially "off the shelf".
With additional funding, the launch of New Horizons is expected to occur in January 2006, with the spacecraft arriving at Pluto between 2014 and 2018, depending on the selection of the launch vehicle. Along the way to Pluto, the spacecraft would receive a gravitational boost from Jupiter, providing an opportunity to explore the gas giant and its moons. The scientific value of this mission is highly dependent on a 2006 launch in order to achieve a flyby of Pluto before its atmosphere freezes out onto the surface. (pluto.jhuapl.edu)
Kepler and Dawn
NASA has selected two new Discovery-class missions, one to explore giant asteroids and the other to search for distant planets.
The Dawn mission, which is pencilled in for launch in 2006, will make a nine-year journey to orbit the two most massive asteroids known, Vesta and Ceres. By using the same set of instruments to observe both bodies, Dawn will improve our understanding of how planets formed during the earliest epoch of the solar system. This mission builds on the highly successful ion-propulsion technology pioneered by Deep Space 1. After its rendezvous with Vesta and Ceres, the spacecraft will study their shape, size, mass, craters and internal structure, and study more complex properties such as composition, density and magnetism from orbits ranging between 800 and 100 km.
The mission will be led by principal investigator Christopher Russell of the University of California, Los Angeles, and Orbital Sciences Corporation will develop the spacecraft. (www-ssc.igpp.ucla.edu/dawn/)
The Kepler telescope, also scheduled for launch in 2006, may make the first detection of Earth-like worlds around distant stars by looking for planetary transits. As a planet moves in front of a star, it blocks some of the light, resulting in a periodic dimming. This periodic signature can be used to detect the planet and to determine its size and orbit. Kepler will continuously observe a region of space containing 100 000 stars and will be able to detect any transits by Earth-sized planets. Kepler's selection involves a delayed start of development of up to one year due to funding constraints in the Discovery programme. Principal investigator is William Borucki of Ames Research Center, and the industrial partner is Ball Aerospace & Technologies Corporation, Boulder, Colorado. (www.kepler.arc.nasa.gov) "Kepler and Dawn are exactly the kind of missions NASA should be launching, missions that tackle some of the most important questions in science yet do it for a very modest cost," said Edward Weiler, NASA associate administrator for space science. "It's an indicator of how far we've come in our capability to Space shorts G Genesis arrives. NASA's Genesis mission began full operation on 3 December when its arrays were extended to begin collecting atoms from the solar wind. The atoms, believed to have been part of the solar nebula from which our planetary system developed, will help scientists gain a better understanding of the conditions before Earth and other planets formed.
Genesis carries four instruments: solarwind collector arrays, made of materials such as diamond, gold, silicon and sapphire; an ion monitor, to record the speed, density, temperature and approximate composition of the ions; an electron monitor, to measure electrons in the solar wind; and an ion concentrator, to separate and gather elements such as oxygen and nitrogen into a special collector tile.
The ion and electron monitors will send back periodic solar-wind weather reports. The spacecraft will stay in orbit at the L1 Lagrange point, 1.5 million km from Earth for 29 months before returning to Earth in August 2004 (genesismission.jpl.nasa.gov). G IMP ends 28-year marathon. NASA's Interplanetary Monitoring Platform (IMP 8) spacecraft has been retired after 28 years in orbit. Launched on 25 October 1973, IMP 8 provided insights into plasma physics, the Earth's magnetic field, the structure of the solar wind and the nature of cosmic rays. "We will miss IMP 8 because it reliably provided unique data for so long," said Joseph King, project scientist for IMP at Goddard. "However, due to the failure of the IMP 8 magnetometer during the year 2000, a senior review panel of Sun-Earth Connection scientists advised NASA's Office of Space Science management that continuing IMP operations may inappropriately divert funding from more science-effective missions." IMP 8 is in a nearly circular orbit about the Earth, at a distance a little more than halfway to the Moon. Also known as Explorer 50, IMP 8 was the last of a series of small spacecraft that was launched by NASA from 1963 to 1973, and was part of NASA's Sun-Earth Connection programme.
It used the now mainly obsolete VHF telemetry frequencies. The communication network that originally captured IMP 8 data, known as the Spaceflight Tracking and Data Network, was largely shut down many years ago, so officials at Goddard had to set up an ad hoc IMP 8 VHF "telemetry-capture network". explore space when missions with such ambitious goals are proposed for the Discovery Programme of lower-cost missions rather than as major projects costing 10 times as much."
HST studies Ceres
Even before the launch of Dawn, astronomers' understanding of Ceres has taken a major leap forward with a series of observations by the Hubble Space Telescope (HST). An international team led by scientists at the Southwest Research Institute (SwRI) obtained the highest resolution images yet using the HST at ultraviolet wavelengths. The resulting images are the first to resolve detail on the surface of Ceres and show features as small as 50 km across. The most noticeable feature was a dark spot which the team nicknamed "Piazzi" in honour of the discoverer of Ceres.
"Although we can't determine the nature of the spot with these data, whether it is an area of different colouration or possibly a crater from an impact by another asteroid, it is pretty big," said Joel Parker (SwRI), who led the image analysis. "The Piazzi feature has a diameter of about 250 km, which is more than a quarter the size of Ceres. If it resulted from an impact, the object that hit Ceres would have been about 25 km across."
The new HST measurements also indicate that the asteroid is slightly flattened, with a diameter ranging from 930 to 970 km. The amount of flattening seen on Ceres is more than expected and may indicate that the inner structure is not as homogeneous as previously assumed. "These results are very tantalizing," said principal investigator Alan Stern. "What we need to be definitive are observations with better resolution and frequent enough to follow Ceres through a nine-hour rotation period." The team has already proposed such an experiment with a new instrument to be installed on HST next year. A paper analysing the Ceres images was to be published in the January 2002 issue of Astronomical Journal (www.swri.org/press/ceres.htm).
Gamma-ray burst afterglow
A rare optical afterglow of a γ-ray burst (GRB) was recently discovered by the High Energy Transient Explorer (HETE-2), the first satellite dedicated to spotting these brief, powerful explosive events. The burst in question, which occurred in the constellation Lacerta on 21 September, was detected in γ-rays and highenergy X-rays by HETE-2. The coordinates were relayed to a network of ground-based and orbiting telescopes for follow-up searches for afterglows. Additional observations with the Italian BeppoSAX satellite and the Ulysses space probe were coordinated by HETE team member Kevin Hurley (University of California, Berkeley); the optical afterglow was seen the following day with the Large Format Camera on the Palomar 200-inch telescope.
Further observations on 17 October enabled a group from Caltech to measure the redshift of the afterglow object using the Double Spectrograph on the giant telescope. In addition, they pinpointed a twinkling radio counterpart using the Very Large Array in New Mexico. The data show that the GRB occurred around 5 billion light years from Earth.
"We believe that this object is very likely the afterglow of GRB 010921, detected and localized by HETE," said Shri Kulkarni from the Massachusetts Institute of Technology. "With this first confirmed observation of a gammaray burst and its afterglow, we've really turned the corner," said George Ricker of MIT's Center for Space Research, principal investigator for HETE-2. "As HETE-2 locates more of these bursts, we will begin to understand what causes them." (space.mit.edu/HETE) G Peter Bond, RAS Press Officer (space science).
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Space shorts G Venus in X-rays. NASA's Chandra X-ray Observatory has obtained the first X-ray views of Venus. Although the image bears a superficial resemblence to the pioneering ROSAT X-ray image of the Moon, it represents the major jump in capability that the orbiting observatory has already demonstrated on more distant targets (A&G 42 6.10 2001).
The planet was observed on 10 January 2001 with the Advanced CCD Imaging Spectrometer (ACIS) detector and the Low Energy Transmission Grating, then on 13 January 2001 with the ACIS alone.
Although Venus in X-rays (below) looks similar to the planet at visible wavelengths, there are subtle, but significant, differences. During the observations, the optical Venus appeared as a uniform half-crescent that is brightest toward the middle, whereas the X-ray Venus was slightly less than a half-crescent and brighter on the limbs.
The differences are due to the processes by which Venus shines in visible and X-ray light. The X-rays from Venus are produced by fluorescence rather than reflection. Solar X-rays bombard the planet's atmosphere, knock electrons out of the inner parts of the atoms, and excite the atoms to a higher energy level. The atoms almost immediately return to their lower energy state with the emission of a fluorescent X-ray. Most of these X-rays come from oxygen and carbon atoms between 120 and 140 km above the planet's surface. Venus looks brightest at the limb since the observatory was looking through a greater thickness of atmosphere there. "This opens up the exciting possibility of using X-ray observations to study regions of the atmosphere of Venus that are difficult to investigate by other means," said Konrad Dennerl of the Max Planck Institute for Extraterrestrial Physics.
More information can be found at the Chandra websites (chandra.nasa.gov and chandra.harvard.edu/).
Chandra's Venus.
A visible (right) and a thermal infrared image (centre) looking towards the south pole, taken by Mars Odyssey. The circular dark blue feature is the carbon dioxide ice cap, at -120°C (NASA).
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